In 1953 Caplan, of the Cardiff Pneumoconiosis Medical Panel, recorded that massive pneumoconiosis was commoner in coal-workers suffering from rheumatoid arthritis than in those not subject to this condition. He also noticed that the radiological opacities in some of these arthritics had distinctive features which enabled him to distinguish them from the usual forms of massive fibrosis. The distinctive shadows were multiple, round, well defined and distributed fairly evenly throughout both lung fields, particularly at the periphery. Not all arthritics showed these changes and in many the lesions appeared radiologically to be the usual massive fibrosis, tuberculosis, or a combination of these.
In those instances where radiographs had shown little or no evidence of pre-existing pneumoconiosis the characteristic findings in the rheumatoid cases were circumscribed opacities. When, however, the category of pneumoconiosis had been higher there was a greater tendency for the development of what appeared in the radiographs to be ordinary massive fibrosis.
The present paper is an account of the morbid anatomy, histology, and bacteriology of cases of this syndrome. We have examined the lungs obtained at necropsy in 14 Welsh coal-miners with rheumatoid arthritis and biopsy lung specimens from two additional cases. Seven of these 16 miners had shown the circumscribed radiological opacities described by Caplan. In five others there were suggestive but not diagnostic round opacities. Three of these latter five cases also showed massive fibrosis in the radiographs.
The lung lesions were found to be a modified form of pneumoconiosis associated in several cases with proved tuberculosis. In a few instances, however, there was an active inflammation which could not be proved to be tuberculous. This inflammation may have been modified tuberculosis, but because of the failure to find tubercle bacilli in these instances they are considered as possibly " rheumatoid " in origin. The inflammation was non-specific. There were certain naked-eye appearances which distinguished the lesions from the usual forms of pneumoconiosis and these differences could be well seen in paper-mounted whole sections of the lungs. They consisted of an exaggeration of certain of the features of infective pneumoconiosis. Before describing these appearances a summary will be given of the present concept of the aetiology and character of the various forms of pneumoconiosis usually met with in coalworkers. The usual forms will be referred to as orthodox changes to distinguish them from the changes in the rheumatoid cases. ;V:'t-mlo,., 
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group.bmj.com on October 19, 2017 -Published by http://thorax.bmj.com/ Downloaded from nodules." We will refer to these masses and infective nodules as "collagenous" lesions to distinguish them from foci of simple pneumoconiosis which contain mainly reticulin.
Orthodox collagenous nodules may be few or numerous. They are often satellite to a big fibrous mass, but may be distributed in various parts of the lung. They may, however, be found scattered in different parts of the lung in the absence of large masses (Fig. 1) . They are commonest in the upper lobes and may occur both in the interior of the lung and beneath the pleura. They are jet black, but on close inspection some show a faint grey filigree or faintly grey centres. When there is active tuberculosis the nodules often show a concentric arrangement of darker and lighter areas. We may mention in anticipation that it is an exaggeration of a similar appearance that characterizes the gross structure of the " rheumatoid" lung lesions (Fig. 2) .
Histologically the orthodox collagenous lesions may or may not show evidence of tuberculosis. The latter is frequently recognizable by the characteristic follicles, but sometimes the tuberculous reaction is modified. In such cases there are no follicles and no giant cells but only a nonspecific inflammatory reaction consisting of polymorphonuclear leucocytes and macrophages, but in such cases tubercle bacilli can usually be found by culture or on guinea-pig inoculation. In many miners the collagenous lesions show no active inflammation. Most of these indolent lesions, however, contain much necrotic collagen, but there is little or no cellular reaction except for the development of collections of lymphocytes at the periphery. Blood vessels are largely destroyed in the interior of the lesions and there is endarteritis in vessels at the periphery. A large amount of dust is present in these indolent lesions, the bulk of it lying free in the tissue. The dust is often in the form of lines and circles representing columns of dead phagocytes. The mode of formation of these lines and circles is readily seen when active tuberculosis is present, as fibroblastic cells at the edge of necrotic material are arranged in parallel formation and contain dust. In the indolent lesions the lines and circles of dust apparently indicate a former active tuberculosis.
" RHEUMATOID " PNEUMOCONIOTIc LESIONS These had a similar distribution in the lung to orthodox lesions. In some instances there were masses in the upper parts of the lungs and discrete nodules elsewhere ( Fig. 3 ) and in others there were no masses but only discrete nodules. In some cases the nodules were few and in others numerous. The masses could be seen to be mad& up mainly of confluent large nodules. In the masses, however, there were cavities due to active or in some instances apparently healed tuberculosis. In section the nodules were round or oval in outline. They were not uniformly impregnated with dust but showed a characteristic concentric arrangement of lighter and darker layers. The paler areas were in some instances grey and in others yellow. They had the appearance which is seen when active tuberculosis is present with pneumoconiosis, but they were bigger and the concentric zones were wider than in orthodox cases. Liquefaction tended to occur in the pale areas leaving clefts (Fig. 4) . In some cases the nodules were densely calcified. Most nodules up to I cm-. in diameter and some bigger ones showed a single system of concentric layers. Large nodules were, however, usually composite and made up of several nodules with a common outer fibrous capsule (Fig. 5 ). These appearances occur in silicosis (Simson, 1935) and to the naked eye some of the "rheumatoid" lesions looked like giant silicotic nodules, but it was seen histologically that they were unlike classical silicosis. They could best be described as unusually large forms of collagenous nodules with what appeared to the naked eye to be active tuberculosis. In more than half the cases, however, the presence of active tuberculosis could not be proved. Amongst the large nodules there were occasional small ones made up entirely of pale yellow material, but this appearance was due to tangential cutting through a pale peripheral zone of a large nodule. The background of simple pneumoconiosis in these cases was slight or moderate and its degree bore no relation to the severity of the nodular and confluent fibrosis.
Histologically the " rheumatoid " pneumoconiotic lesions had in the main the same components as orthodox collagenous ones. Necrotic tissue containing various amounts of collagen made up the central bulk. Few nuclei were to be recognized in this necrotic mass. There was a greater tendency, however, to calcification of the necrotic tissue in the "rheumatoid" nodules.
Dust was present and lying free and often in lines and circles similar to those in the orthodox cases (Fig. 6) The other showed no definite histological evidence of tuberculosis.
Details of the cases are set out in Table I . The radiographs were examined by Dr. Caplan, and his reports are given. In the cases in which he described characteristic round opacities we found characteristic " rheumatoid " pneumoconiotic nodules. We also found them associated with massive fibrosis in two cases where the radiographs had shown apparently only massive fibrosis.
In two cases (Nos. 4 and 9) with arthritis there were no rheumatoid nodules in the lungs but only orthodox pneumoconiosis.
In two cases (Nos. 7 and 12) with active tuberculosis the nodules were forming but were not fully developed.
As would be expected, the causes of death in the fatal cases were quite different from those usually found in sufferers from rheumatoid arthritis, but there was one similarity: there were two cases with severe amyloid disease. Most, however, died of their pneumoconiosis either due to cardiac failure or tuberculosis. We might mention that in a series of 30 cases of rheumatoid arthritis recorded by Rosenberg, Baggenstoss, and Hench (1944) there was no death due to tuberculosis.
DISCUSSION
Corresponding with the distinctive round opacities seen in chest radiographs of miners with rheumatoid arthritis there are fairly characteristic pneumoconiotic lesions. These are at least distinctive in gross appearance. We cannot, however, point to any histological feature in them that is specifically " rheumatoid."
The great difficulty is that tuberculosis, sometimes in a modified form, is commonly present in coal workers' pneumoconiosis, and it was present in several cases in the present series. In such lungs it would be difficult to recognize a " rheumatoid component" unless the latter had specific histological features. There was not, for instance, the pronounced palisading of mesenchymal cells such as is seen in subcutaneous nodules. Some palisading of fibroblasts was present, but this was not definitely distinguishable from that seen in tuberculous lesions. Kellgren and Ball (1950) found in rheumatoid lesions of tendons that palisading was by no means a constant finding. Our only evidence of a possible "rheumatoid " lesion was a non-specific inflammation within the nodules in some cases in which guinea-pig inoculation for tuberculosis was negative. This non-specific inflammatory zone may be the " rheumatoid " component. We recognize the need to interpret the lesions cautiously, as tuberculosis is often modified in pneumoconiotic lungs. In orthodox cases of pneumoconiosis, however, when tuberculosis was suspected histologically, the guinea-pig test was rarely negative. We regard as very significant the finding of negative guinea-pig tests in four rheumatoid cases showing a peripheral zone of active inflammation. These four cases included one in which nodules were obtained by biopsy. Both guinea-pig inoculation and culture were negative for tubercle bacilli in that case. We do not place much emphasis on negative findings in Ziehl-Neelsen-stained sections, but many hours of searching did not show acid-fast bacilli in these cases. We may mention that it is not a characteristic of ordinary pneumonias to extend into pneumoconiotic nodules.
If it is accepted that the "rheumatoid" lung lesions represent a modified form of infective pneumoconiosis then there are several possible explanations for the abnormal reaction.
First, it may be an unusual reaction to the dust alone. This does not, however, appear to be likely, since foci of simple pneumoconiosis packed with dust-filled phagocytes may remain unaltered side by side with " rheumatoid" lesions (Fig. 10) . The lesions are certainly not related to the total quantity of dust, as several severe cases showed comparatively little dust. On simple microscopy we saw nothing unusual in the character of the dust. It was the usual type characteristic of coal-mining. When tuberculosis supervenes in pneumoconiosis, dust-laden phagocytes are killed and the dust is free and so may then exert a different action. These miners did not show classical silicosis, but similar radiological pictures as those described by Caplan have been found in relation to a silica hazard (Colinet, 1950 and . Pathological studies in such cases are still awaited.
Secondly, it may be an altered reaction to tuberculosis, since the latter appears to play a part in the formation of the collagenous lesions in coal-miners. Nevertheless, even if tuberculosis is present ab initio an active inflammation persists in some "rheumatoid" cases where no tubercle bacilli could be found.
Finally, if we seek analogy with " rheumatoid" lesions in the subcutaneous tissues and tendons these latter of course do not contain dust, and tuberculosis either locally or elsewhere is rarely associated with them. The only common factor which seems obvious is the presence of collagen undergoing necrosis. In orthodox pneumoconiotic cases and when there is no evidence of tuberculosis the necrotic collagen does not excite peri- In contrast to ordinary lungs the pneumoconiotic lung of coal-miners appears very vulnerable to the " rheumatoid process." Indeed, the lungs are sometimes more vulnerable than the joints. Miall, Caplan, Cochrane, Kilpatrick, and Oldham (1953) have shown that the characteristic radiographic appearances in the chest may precede by many years the development of joint lesions. We also 17 ---Lt.
- have at least one case in which the radiographs and lung lesions seem characteristic of the " rheumatoid" pneumoconiotic type, but there were no joint changes.
A commonly accepted view is that rheumatoid disease results from an unusual reaction to perhaps a commonly occurring infection. We can certainly say in respect of the coal-miners' lungs that the peculiar nodule formations are a variation of a form of pneumoconiosis which is of very common occurrence in coal-miners and with which tuberculosis is closely associated. It may well be, however, that this infection acts indirectly, producing in the presence of dust a type of collagen, the presence of which causes a reaction in rheumatoid subjects. SUMMARY Lung lesions are described in 16 coal-miners with rheumatoid arthritis.
Nodules having a distinctive gross appearance correspond with the radiographic round opacities described by Caplan. These "rheumatoid" pneumoconiotic nodules contain necrotic collagen and dust. Tuberculosis was present in several cases. A non-specific inflammation was also found. This is believed to be the " rheumatoid" component.
The reasons for the pneumoconiotic lung being vulnerable to the "rheumatoid" process are discussed.
The evidence indicates that there is not a direct increased reaction to the dust.
It is suggested that coal-miners with rheumatoid arthritis react abnormally to the collagen produced in infective pneumoconiosis.
